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ABSTRACT: Mosquito egg traps, aquatic habitats baited with oviposition attractant and insecticide, are important tools for surveillance 
and control efforts in integrated vector management programs. The bioinsecticide Bacillus thuringiensis subsp. israelensis (Bti) is 
increasingly used as an environmentally friendly alternative to chemical insecticides and the combination of Bti with a simple oviposition 
attractant like leaf litter to create an effective egg trap seems appealing. However, previous research suggests that Bti may itself alter 
oviposition, and that leaf litter may dramatically reduce Bti toxicity. Here we present results from field experiment designed to link the 
effects of litter and Bti on mosquito oviposition habitat selection and post-colonization survival to production of adult mosquitoes. 
Tripling litter increased Culex spp. oviposition nearly nine-fold, while Bti had no effect on oviposition. Neither factor altered egg survival, 
thus larval abundance reflected the effects of litter on oviposition. Both Bti and litter reduced larval survival by ~60%. We found no 
evidence that increased litter reduced Bti toxicity. Adult production was dependent upon both litter and Bti. In the absence of Bti, effects 
of litter on oviposition translated into three-fold more adults. However, in the presence of Bti, initial increases in oviposition were erased 
by the combined negative effects of Bti and litter on post-colonization survival. Thus, our study provides field evidence that combined 
litter and Bti application creates an effective ovitrap. This combined treatment had the highest oviposition and the lowest survival, and 
thus removed the greatest number of mosquitoes from the landscape. Journal of Vector Ecology 41 (1): 123-127. 2016.
Keyword Index: arbovirus, Bacillus thuringiensis subsp. israelensis, Culex restuans, ecological trap, habitat selection, mosquito control, 
West Nile virus.
INTRODUCTION
Effective and environmentally low impact approaches are 
needed to monitor and control mosquitoes, and mosquito egg 
traps (ovitraps) are an important component of an integrated 
strategy to address these management needs (Mogi et al. 1990, 
Perich et al. 2003). Ovitraps are typically baited with an attractant 
to increase female oviposition and treated with an insecticide. 
This intentional manipulation of mosquito oviposition habitat 
selection behavior and early survivorship creates an ecological trap 
(Schlaepfer et al. 2002, Horváth et al. 2007). Local reproductive 
effort is funneled into aquatic habitat patches from which few 
adult mosquitoes will recruit (e.g., attract and kill strategy, Barbosa 
et al. 2010), potentially enhancing the population level impact 
over application of an insecticide alone. The degree to which an 
ovitrap approach increases the efficacy of mosquito control will 
depend on the strength of oviposition response to the attractant, 
toxicity of the insecticide and whether the attractant alters the 
effect of the insecticide. However, research on mosquito ovitraps 
is often focused on the efficacy of different attractants (Santos 
et al. 2010, Barbosa et al. 2010) and few studies explicitly linked 
the oviposition and post-colonization effects of attractants and 
insecticides to adult mosquito recruitment.
There has been considerable research into the relative 
efficacy of different oviposition attractants. Much of this work 
has focused on the use of simple cost effective organic infusions 
(Bentley and Day 1989), including infusions of hay (Allan and 
Kline 1995), mixed grasses (Santos and Melo-Santos 2003), 
chicken manure (Kramer and Mulla 1979), cashew leaves, potato 
peels (Santos et al. 2010), and oak leaves (Trexler et al. 1998). 
Collectively, this research highlights that infusions of plant litter 
can substantial increase mosquito oviposition. However, because 
the type of organic detritus used can have important impacts on 
microbial communities and interactions among aquatic insects 
(Yee and Juliano 2006, Yee et al. 2007), potentially altering the 
relative attraction of the infusion, the type of attractant that is 
best remains an open question (Santos et al. 2010). Furthermore, 
these studies generally focus on the oviposition response. Few 
independently examined oviposition and subsequent survival and 
adult recruitment, as would be necessary to determine whether 
attractants interact with the insecticides they are paired with.
The bioinsecticide Bacillus thuringiensis subsp. israelensis 
(Bti) is used worldwide as an environmentally safe alternative 
to chemical insecticides for mosquito control because of its high 
specificity in targeting dipteran insects (Entwistle et al. 1993, 
Bravo et al. 2011). Bti produces crystals that contain Cry and Cyt 
proteins that are highly toxic to mosquito larvae (Al-Sarar et al. 
2011). The persistence of Bti in the environment has generally 
been thought to be low and there is little evidence of development 
of resistance (Georghiou and Wirth 1997, Lacey 2007). Despite 
the efficacy of Bti as a larvicide, attempts to deploy it in ovitraps 
may have been discouraged by early evidence that Bti can act as 
an oviposition deterrent (Zahiri and Mulla 2006). However, other 
studies suggest Bti may act as an attractant for some species of 
mosquito (Santos and Melo-Santos 2003, Stoops 2005, Carrieri 
et al. 2009). Because Bti acts as a larvicide and may also alter 
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oviposition habitat selection, understanding the factors that shape 
its efficacy in the field requires that we access the roles of both 
mechanisms. For example, reduced adult mosquito recruitment 
from a Bti treated habitat may reflect either oviposition avoidance, 
reduced larval survival or both. Disentangling these processes is 
important, as they have different implications for the impacts of 
Bti at the population and landscape level (Vonesh and Buck 2007, 
Vonesh and Kraus 2009).
Upon initial examination, combining the use of plant litter 
infusion as an oviposition attractant with the effective larvicide 
Bti is appealing. Organic infusions might negate deterrent effects 
or reinforce attractant effects of Bti on mosquito oviposition, 
improving its efficacy when used in ovitraps. However, this 
assumes that litter infusion does not reduce the larvicidal 
properties of Bti. However, research suggests that the presence 
of leaf litter alters both the persistence (Tetreau et al. 2012a) and 
the toxicity of Bti (Tetreau et al. 2012b). Specifically, Tetreau, et 
al. (2012b) showed that under laboratory conditions there was a 
strong interaction between leaf litter and Bti such that contact with 
leaf litter dramatically reduced Bti toxicity to mosquito larvae. 
This is obviously of concern with respect the joint application of 
organic infusions and Bti, as benefits to mosquito control from 
increase oviposition may be partially or completely erased by 
reduced toxicity. 
In this study we examine effects of leaf litter and Bti on 
Culex mosquito oviposition, larval abundance and survival, and 
adult emergence in a field setting in eastern Virginia, USA. Our 
experimental design enables us to disentangle the independent 
and interactive effects of both litter and Bti on each life stage. 
We predict that leaf litter and Bti will both alter oviposition, 
potentially in opposite directions, with litter increasing and Bti 
deterring oviposition. Post-oviposition, we predicted that Bti 
and litter would interact to shape larval survival. With low litter 
abundance, Bti is expected to dramatically reduce survival, but Bti 
toxicity may be reduced when combined with leaf litter (Tetreau et 
al. 2012b). How the effects of litter and Bti on oviposition behavior, 
combined with subsequent larval survival, will scale up to shape 
adult emergence is difficult to predict a priori, as it will depend 
upon the relative strengths of the independent responses and the 
degree to which Bti toxicity is modified by litter.
MATERIALS AND METHODS
We conducted a 2x2 factorial mesocosm experiment in which 
we manipulated the abundance of leaf litter and presence of Bti 
to examine their independent and combined effect on Culex spp. 
mosquito oviposition, larval survival, and adult emergence.  These 
four treatments were replicated seven times in an experimental 
array of 28 plastic wading pools (diameter 152 cm; area 1.81m2) 
arranged in two spatial blocks along the ecotone between old 
field and forest at the Virginia Commonwealth University Rice 
Rivers Center (37º19’55.26 N, 77°12’21.05 W). The experiment 
was conducted between 13 September and 16 October 2013. 
Mesocosms were filled to a depth of 14 cm (254 liters) with water 
from the adjacent James River. In treatments with Bti, dosage was 
applied as directed by the manufacturer at 6.5 g commercial-grade 
Bti Mosquito Dunk© (Summit Chemical; 10.3% Bti by mass; 0.67 
g) per mesocosm. Leaf litter treatments reflect natural variation 
in adjacent forest (mean: 1.6; range: 0.63 – 3.11 kg m-2, n = 56 0.9 
m2 quadrats). Low leaf litter treatments received 1.0 kg m-2 mixed 
leaf litter while high litter treatments received 3.0 kg m-2. Litter 
composition consisted primarily of Diospyros virginiana (24%), 
Acer saccharum (17%), Pinus taeda (15%), Fraxinus Americana 
(15%), and Acer palmatum (12%). 
Mesocosms were covered with polyethelene insect screen 
(800 μm mesh; 62.3 openings cm-2), which was submerged below 
the water to allow oviposition on the water surface. Natural 
oviposition was allowed between 13 to 20 September 2013. 
Sampling of egg rafts was completed by scanning the water surface, 
removing and counting Culex egg rafts, and placing them in water 
beneath the screen. Larval abundance was quantified on October 
2 using a standardized 50 cm long sweep with an aquarium net 
(dimensions: 22 x 14 cm; area: 0.031m2; 500 μm mesh) sampling 
15.4 L (i.e., 6% total pool volume). Floating emergence traps (100 
x 100 cm; effectively sampling insects emerging from the 140 
liters beneath the trap (55% total pool volume) were placed on 
mesocosms on October 2 and mosquitoes in traps were sampled 
on 16 October.  All mosquitoes in nets and traps were counted and 
a subsample of 10% collected for identification.  
Response variables included counts of (1) egg rafts, (2) larvae, 
and (3) emerging adults per pool. The number of eggs per pool 
was estimated from the number of rafts, assuming rafts contained 
an average of 150 eggs. The number of larval and adults per pool 
were calculated by scaling sampled volume to total pool volume. 
Once stages were in common units, we then calculated indices of 
stage specific survival: (4) larvae per egg and (5) emerging adults 
per larvae. Analyses were conducted using R version 3.1.2 (R 
Development Core Team 2008). We tested for main and interactive 
effects of Bti and leaf litter on these response variables accounting 
for spatial blocking using Poisson or Gaussian family generalized 
linear models (GLMs), followed by univariate comparisons across 
treatments and Tukey multiple comparisons using glht in package 
Multcom (Hothorn et al. 2008). 
RESULTS
Effect of Bti and litter on oviposition habitat selection
We observed a total of 331 rafts during the experiment and all 
mesocosms received at least one egg raft. Mean raft size was 150 ± 35 
eggs (n = 20), and an estimated total of 49,650 eggs were oviposited 
in the experiment. Raft oviposition was sensitive to litter but not 
the presence of Bti and there was no interaction between these 
factors (quasipoisson GLM Bti: c2=0.004, P=0.95; Litter: c2=30.95, 
P<0.001; Bti x Litter: c2=0.22, P=0.64; BLK: c2=3.8 P=0.052, 
dispersion parameter = 6.8, deviance explained=61%, Figure 1a). 
Pooled across litter treatments, Bti treatments had nearly identical 
oviposition [(Bti: 11.9 ± 13.1, No Bti: 11.7 ± 13.8 (mean ± 1 sd here 
and throughout unless indicated otherwise)]. Pooled across Bti 
treatments, tripling litter increased oviposition by approximately 
seven-fold. Within the Bti application treatments, the high litter 
pools received nearly nine-fold more eggs (Low: 364 ± 448 versus 
High: 3,214 ± 1849).
Effect of Bti and litter on hatching rates and larval abundance
There was no evidence that either Bti application or the 
addition of litter altered egg or early larval survival (Figure 1b). 
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The number of larvae recruited per egg averaged 0.49 ± 0.72 and 
was similar across treatments (Gaussian GLM Bti: c2 =23, P=0.62, 
Litter: c2 =0.003, P=0.95, Bti x Litter: c2 =2.3, P=0.13, BLK: c2 
=0.16, P=0.68, dispersion parameter = 0.54, deviance explained 
= 11%). Note that in some replicates we estimated >1.0 larvae 
per egg (Figure 1b). This may reflect differences in the sampling 
efficacy of egg rafts versus larval mosquitoes, specifically a relative 
under-sampling of rafts. While comparisons across treatments 
within our experiment are robust, we caution readers to view our 
estimates of larvae per egg as a quantitative index, rather than 
absolute measure of egg-to-larvae survival, as might be used in a 
demographic model.
As there was no effect of treatments on egg survival, patterns of 
larval abundance still largely reflect those observed at oviposition 
(Figure 1c). Larval abundance, like egg raft abundance, was largely 
determined by litter (quasipoisson GLM Bti: c2=0.086, P=0.76; 
Litter: c2=14.4, P<0.001; Bti x Litter: c2=0.97, P=0.32; BLK: 
c2=2.78 P=0.09, dispersion parameter = 470, deviance explained 
=47%). Pooled across Bti treatments and blocks, tripling litter 
increased larval abundance approximately five-fold (Figure 1c). 
Within the Bti application treatments, the high litter pools had 
more than three times more larvae (Figure 1c). Although we did 
not detect a significant effect of Bti on hatching success (Figure 
1b), comparing the effect of litter across egg (Figure 1a) and larval 
(Figure 1c) stages, the effect size of the litter addition is large for 
both stages in the absence of Bti (log response ratio (LRR) – eggs: 
0.76; larvae: 0.98), but in the presence of Bti we saw a qualitatively 
smaller effect at the larval stage (LRR eggs: 0.95; larvae: 0.53), 
likely reflecting initial Bti induced mortality is beginning to erase 
the effect of differential oviposition habitat selection.
Effect of Bti and litter on larval survival and adult emergence
Both Bti and litter reduced survival to emergence 
independently (Gaussian GLM Bti: c2 =4.3, P=0.036, Litter: 
c2 =4.7, P=0.029, Bti x Litter: c2 =0.63, P=0.42, BLK: c2 =0.63, 
P=0.42, dispersion parameter = 0.44, deviance explained = 
30%, Figure 1d). Bti reduced the number of adults emerging 
per larvae sampling by 59% overall (No Bti: 0.89 ± 0.90; Bti: 
0.36 ± 0.40) and this effect was similar in both litter treatments 
(High: 61% reduction; Low: 58% reduction). Interestingly, litter 
addition, while attracting oviposition, also reduced per capita 
adult recruitment by 61% overall (Low: 0.89 ± 0.92; High: 0.35 
± 0.32) and this effect was similar across Bti treatments (No Bti: 
60%; Bti: 61%). In combination, Bti and litter combined to reduce 
the per capita adult recruitment by >84% (Figure 1d). Again, in 
some tanks we estimated >1.0 adult per larvae, likely reflecting an 
under-sampling of larvae relative to adults.
The number of adults emerging was determined by the 
combined effects of Bti and litter (quasipoisson GLM Bti: c2=9.8, 
P=0.0017; Litter: c2=4.29, P=0.038; Bti x Litter: c2=3.35, P=0.067; 
BLK: c2=3.22 P=0.073, dispersion parameter=112.3, deviance 
explained =47%, Figure 1e). A total of 5,592 adult Culex spp. 
mosquitoes emerged from the experiment. Past oviposition site 
selection experiments we conducted in the same location at the 
same time of year showed that 99% of the mosquitoes are Culex 
restuans, with Culex quinquefasciatus complex and Culex territans 
comprised the remaining 1% of mosquitoes found in the pools 
(Kraus and Vonesh 2012). There was marginal statistical support 
Figure 1.  Response of Culex mosquitoes to Bacillus thuringiensis 
subsp. israelensis and leaf litter addition in a 2x2 factorial field 
experiment, (A) egg rafts oviposited per mesocosm between 13 – 
20 September 2013, (B) larvae sampled per egg oviposited in each 
mesocosm, a measure of relative egg survival in each treatment, 
(C) estimated total larvae per mesocosm sampled 2 October 2013, 
(D) emerging adults per larvae in each mesocosm, a measure 
of relative larval survival in each treatment, (E) estimated total 
emerging adults from each mesocosm between 2 – 16 October. 
Bars represent mean ± 1SEM. Bars with similar letters were not 
significantly different.
126 Journal of Vector Ecology  June 2016
that the effect on litter on adult emergence was dependent upon 
the Bti treatment. In the absence of Bti, the increased oviposition 
in response to litter addition is translated into three-fold greater 
adult emergence (High: 326.6 ± 268.0; Low: 105.8 ± 113.5, LRR 
= +0.49, Figure 1e). In contrast, in the presence of Bti the nine-
fold difference in egg deposition between litter treatments has 
been completely erased (even changes sign) at adult emergence 
(High: 57.5 ± 52; Low: 82.0 ± 92, LRR = - 0.15, Figure 1c) by the 
combined negative effects of Bti and Litter on post-colonization 
survival (Figure 1e). 
DISCUSSION
The goal of this study was to disentangle the independent and 
interactive effects of both leaf litter as an oviposition attractant 
and Bti as larvicide on oviposition and larval survival in order to 
better understand the contributions of each to adult recruitment. 
Specifically, we were interested in whether the combined 
manipulation of mosquito oviposition habitat selection and early 
survivorship would result in an ecological trap (Schlaepfer et 
al. 2002, Horváth et al. 2007) in which local reproductive effort 
is funneled into aquatic habitat patches from which few adult 
mosquitoes will recruit, enhancing the population level impact 
over application of an insecticide alone. We found that Bti and 
leaf litter are highly effective in combination, attracting as much as 
nine times more Culex spp. oviposition, but producing the fewest 
number of adults. 
We predicted that the addition of both litter and Bti would 
alter patterns of oviposition. As the general efficacy of organic 
infusions to increase mosquito oviposition is well established, we 
expected our leaf litter addition to increase oviposition (Bentley 
and Day 1989, Allan and Kline 1995, Santos and Melo-Santos 2003, 
Trexler et al. 1998), and this is what we observed. Tripling litter 
increased oviposition seven-fold across treatments, a comparable 
increase in oviposition as observed in some other studies that used 
simple plant infusions as an attractant (Reiter and Colon 1991). 
We were more interested in whether Bti altered oviposition. In a 
laboratory study, Zahiri and Mulla (2006) found that Bti acted as 
an oviposition deterrent, potentially counteracting the attractant 
properties of litter addition. However, other studies suggest Bti 
may act as an attractant for some mosquito species (Santos and 
Melo-Santos 2003, Stoops 2005, Carrieri et al. 2009), potentially 
enhancing the effects of litter on oviposition. However, in our field 
experiment we found no evidence that Bti altered oviposition in 
either direction. We found little evidence that Bti altered hatching 
rates, in contrast to some previous research (Zahiri and Mulla 
2006). Thus, the initial abundance of eggs and larval mosquitoes 
was primarily determined by the amount of leaf litter we added 
to pools. 
Post-oviposition, we predicted that Bti and litter would interact 
to shape larval survival and abundance. We expected increased 
litter to enhance larval survival. We also expected that Bti would 
dramatically reduce survival when leaf litter abundance was low, 
but that Bti toxicity might decline with increased contact with 
litter. This later prediction was based on the findings of Tetreau et 
al. (2012b), who found that Bti Cyt toxins interact with leaf litter, 
dramatically reducing toxicity. In their laboratory experiment, 
they typically observed ~80% mortality in Aedes aegypti exposed 
to commercial varieties of Bti that had not been mixed with leaf 
litter, but less than 10% mortality when Bti was mixed with litter 
for as little as 3 h prior to trial. However, we found no evidence 
that larval Culex spp. survival, as indicated by the number of 
adults emerging per larvae, was altered by increased leaf litter. Bti 
reduced larval survival by about sixty percent, irrespective of the 
amount of leaf litter. In contrast to our expectations, increased 
litter abundance did not enhance per capita larval survival, but 
instead reduced survival by a similar magnitude as Bti addition. 
The relationship between litter and mosquito production can 
be complex, even in simple experimental venues like ours. In 
some cases, litter itself could be toxic. Furthermore, even while 
the presence of litter is an indication of resource availability, 
mosquitoes can overshoot the carrying capacity of small habitats 
resulting in strong negative density dependent larval survival. 
For example, Kraus and Vonesh (2012) found that per capita 
larval survival declines rapidly with increasing oviposition, that 
oviposition increases with litter addition, and as result, adult 
emergence was a hump-shaped function of litter addition. Our 
results may reflect a similar mechanism, as adult recruitment in 
the high litter treatments were a non-linear saturating function of 
larval abundance (data not shown). Thus, in our study, the number 
of adults emerging per larvae was determined by the combined 
negative effects of litter and Bti, resulting in the lowest per capita 
adult recruitment from the Bti and high litter treatments.
Because of the potentially complex interactions of Bti and 
leaf litter on both oviposition and post-colonization survival, we 
were hesitant to predict a priori how they would combine to shape 
adult mosquito production. However, the results appear to be 
fairly straightforward. Increasing leaf litter dramatically increases 
colonization of pools through oviposition. Addition of litter and 
Bti both reduced post-colonization survival. Qualitatively we see 
the highest oviposition, the lowest percent survival, and thus the 
greatest number of mosquitoes removed from the landscape in 
the combined litter and Bti addition treatments. Both with respect 
to the effect of Bti on oviposition and the potential interaction 
between leaf litter and Bti toxicity, our findings differed from 
some previous work. There are a number of possible explanations 
for these differences, including differences between field and 
laboratory studies, focal mosquito taxa, formulation of commercial 
Bti used. However, our study provides a field test of a simple leaf 
litter supplement to Bti application to create an effective ecological 
ovitrap to enhance management of mosquitoes.
Acknowledgments
The VCU Rice Rivers Center provided financial and logistical 
support to KGB. The US Fulbright Program and the DST-NRF 
Centre of Excellence for Invasion Biology at the University of 
Stellenbosch provided support to JRV during analysis, writing 
and revision. M. Klowden and an anonymous reviewer provided 
comments that helped us to significantly improve the manuscript. 
This is VCU Rice Rivers Center publication #68.
REFERENCES CITED
Allan, S.A. and D.L. Kline. 1995. Evaluation of organic infusions 
and synthetic compounds mediating oviposition in Aedes 
Vol. 41, no. 1 Journal of Vector Ecology 127
albopictus and Aedes aegypti (Diptera: Culicidae). J. Chem. 
Ecol. 21: 1847-1860.
Al-Sarar, A., D. Al-Shahrani, and A. Bayoumi. 2011. Laboratory 
and field evaluation of some chemical and biological larvicides 
against Culex spp. (Diptera: Culicidae) immature stages. Int. J. 
Agr. Biol. 13: 115-119.
Barbosa, R.M.R., L. Regis, R. Vasconcelos, and W.S. Leal. 2010. 
Culex mosquitoes (Diptera: Culicidae) egg laying in traps 
loaded with Bacillus thuringiensis variety israelensis and 
baited with Skatole. J. Med. Entomol. 47: 345–348.
Bentley, M.D. and J.F. Day. 1989. Chemical ecology and behavioral 
aspects of mosquito oviposition. Annu. Rev. Entomol. 34: 
401–21.
Bravo, A., S. Likitvivatanavong, S.S. Gill, and M. Soberón. 2011. 
Bacillus thuringiensis: A story of a successful bioinsecticide. 
Insect Biochem. Mol. Biol. 41: 423-431.
Carrieri, M., A. Masetti, and A. Albieri. 2009. Larvicidal activity 
and influence of Bacillus thuringiensis var. israelensis on Aedes 
albopictus oviposition in ovitraps during a two-week check 
interval protocol. J. Am. Mosq. Contr. Assoc. 25: 149-155.
Entwistle, P.F., J.S. Cory, M.J. Bailey, and S. Higgs. 1993. Bacillus 
thuringiensis: An Environmental Biopesticide: Theory and 
Practice. 1,993 pp. Wiley.
Georghiou, G., and M. Wirth. 1997. Influence of exposure to 
single versus multiple toxins of Bacillus thuringiensis subsp. 
israelensis on development of resistance in the mosquito 
Culex quinquefasciatus (Diptera: Culicidae). Appl. Envir. 
Microbiol. 63: 1095-1101.
Horváth, G., P. Malik, G. Kriska, and H. Wildermuth. 2007. 
Ecological traps for dragonflies in a cemetery: the attraction 
of Sympetrum species (Odonata: Libellulidae) by horizontally 
polarizing black gravestones. Freshw. Biol. 52: 1700-1709.
Hothorn, T., F. Bretz, and P. Westfall. 2008. Simultaneous inference 
in general parametric models. Biometrical J. 50: 346-363.
Kramer, W.L. and M.S. Mulla. 1979. Oviposition attractants and 
repellents of mosquitoes: Oviposition responses of Culex 
mosquitoes to organic infusions. Environ. Entomol. 8: 1111-
1117.
Kraus, J.M. and J.R. Vonesh. 2012. Fluxes of terrestrial and aquatic 
carbon by emergent mosquitoes: a test of controls and 
implications for cross-ecosystem linkages. Oecologia 170: 
1111-1122.
Lacey, L.A. 2007. Bacillus thuringiensis serovariety israelensis and 
Bacillus sphaericus for mosquito control. J. Am. Mosq. Contr. 
Assoc. 23: 133–63.
Mogi, M., W. Choochote, C. Khamboonruang, and P. Suwanpanit. 
1990. Applicability of presence-absence and sequential 
sampling for ovitrap surveillance of Aedes (Diptera: Culicidae) 
in Chiang Mai, Northern Thailand. J. Med. Entomol. 27: 509–
514.
Perich, M.J., A. Kardec, I.A. Braga, I.F. Portal, R. Burge, B.C. 
Zeichner, W.A. Brogdon, and R.A. Wirtz. 2003. Field 
evaluation of a lethal ovitrap against dengue vectors in Brazil. 
Med. Vet. Entomol. 17: 205-210.
Reiter, P. and M. Colon. 1991. Enhancement of the CDC ovitrap 
with hay infusions for daily monitoring of Aedes aegypti 
populations. J. Am. Mosq. Contr. Assoc. 7: 52-55.
Santos, E., J. Correia, L. Muniz, M. Meiado, and C. Albuquerque. 
2010. Oviposition activity of Aedes aegypti L. (Diptera: 
Culicidae) in response to different organic infusions. Neotrop. 
Entomol. 39: 299-302.
Santos, S. and M. Melo-Santos. 2003. Field evaluation of ovitraps 
consociated with grass infusion and Bacillus thuringiensis var. 
israelensis to determine oviposition rates of Aedes aegypti. 
Dengue Bull. 27: 156-162.
Schlaepfer, M.A., M.C. Runge, and P.W. Sherman. 2002. Ecological 
and evolutionary traps. Trends Ecol. Evol. 17: 474-480.
Stoops, C. 2005. Influence of Bacillus thuringiensis var. israelensis 
on oviposition of Aedes albopictus (Skuse). J. Vector Ecol. 30: 
41-44.
Tetreau, G., M. Alessi, S. Veyrenc, S. Périgon, J.-P. David, S. 
Reynaud, and L. Després. 2012. Fate of Bacillus thuringiensis 
subsp. israelensis in the field: evidence for spore recycling and 
differential persistence of toxins in leaf litter. Appl. Environ. 
Microbiol. 78: 8362-8367.
Tetreau, G., R. Stalinski, D. Kersusan, S. Veyrenc, J.-P. David, S. 
Reynaud, and L. Després. 2012. Decreased toxicity of Bacillus 
thuringiensis subsp. israelensis to mosquito larvae after contact 
with leaf litter. Appl. Environ. Microbiol. 78: 5189-5195.
Trexler, J. D., C. S. Apperson, and C. Schal. 1998. Laboratory and 
field evaluations of oviposition responses of Aedes albopictus 
and Aedes triseriatus (Diptera: Culicidae) to oak leaf infusions. 
J. Med. Entomol. 35: 967-976.
Vonesh, J. R. and J. C. Buck. 2007. Pesticide alters oviposition site 
selection in gray treefrogs. Oecologia 154: 219–226.
Vonesh, J. R. and J. M. Kraus. 2009. Pesticide alters habitat 
selection and aquatic community composition. Oecologia 
160: 379–385.
Yee, D. and S. Juliano. 2006. Consequences of detritus type in 
an aquatic microsystem: effects on water quality, micro‐
organisms and performance of the dominant consumer. 
Freshw. Biol. 51: 448-459.
Yee, D., M. Kaufman, and S. Juliano. 2007. The significance of 
ratios of detritus types and micro‐organism productivity to 
competitive interactions between aquatic insect detritivores. 
J. Anim. Ecol. 76: 1105-1115.
Zahiri, N. S. and M. S. Mulla. 2006. Ovipositional and ovicidal 
effects of the microbial agent Bacillus thuringiensis israelensis 
on Culex quinquefasciatus Say (Diptera: Culicidae). J. Vector 
Ecol. 31: 29–34.
